A new polysaccharide (MEP-1) was isolated from fruit body of wide Morchella esculenta (L.) Pers with a stepwise procedure of hot water extraction, removal of the protein, dialysis against water, DEAE-Cellulose A52 and Sephadex G-100 columns. Physicochemical properties of the polysaccharide was determined by chemical methods, high-performance gel permeation chromatography, high performance liquid chromatography, paper chromatography, ultraviolet spectrum, and infrared spectrometry. The polysaccharides were primarily polymers of glucose, mannose, galactose, and arabinose. The average molecular mass was 43625 Da.
INTRODUCTION
Mushrooms contain a huge diversity of biomolecules with nutritional [1] and/or bioactive properties. [2] Interest in medicinal mushrooms has increased in recent years [3] and some compounds extracted from mushrooms were potential immunomodulators or biological response modifiers (BRM). [4−6] Morel species were reported to minimize oxidative damage in organisms that occurred in several chronic diseases. [7] Furthermore, these species could be used to find new antimicrobials overlapping the bacterial resistance to first choice antibiotics. [8] Morchella esculenta (L.) Pers. was one kind of precious medical food fungus, which had high nutritional value and contained many biological active materials, such as polysaccharides, protein, trace elements, dietary fiber, and vitamins, etc. [9] Recently, it had been proven that morel possessed anti-inflammatory, antitumor, antioxidant, and antimicrobial activities, [10−12] especially, the polysaccharides from M. esculenta fruiting body had the functions of antitumor, immunoregulation, fatigue resistance, and antivirus. [13−15] In this study, we isolated water-soluble polysaccharides from wild Morchella esculenta (L.) Pers. from Yunnan province of China by extraction, dialysis, DEAE cellulose-52 chromatography, and Sephadex G-100 chromatography in order, meanwhile, we analyzed the elementary characterization of the polysaccharides fractions.
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MATERIALS AND METHODS
Materials and Equipment
The wide Morchella esculenta (L.) Pers. fruit body was obtained from Institute of Edible Fungi of Kunming, China and then grounded to pass through 1 mm screen and stored at 4
• C in a refrigerator. Anthrone and sulphuric acid were purchased from Sinopharm Chemical Reagent Co. (Congqing, China). A4-Molecular sieve was purchased from Municipality kemi'ou Chemical Reagent Co. (Tianjin, China). T-series Dextran, DEAE-Cellulose A52, and Sephadex G-100 were purchased from Pharmacia Co. (Sweden). The monosaccharide standards were purchased from Pharmacia (Sweden). All other reagents were of analytical grade.
Extraction and Purification of Polysaccharide
The dried wide M. esculenta powder (20 g) material was extracted with 1000 mL distilled water at 90
• C for 2 h and stirred regularly. Then the extraction (liquid fraction) and the residue were collected separately; the residue was also re-extracted twice more. [16] The extracted liquid fraction was collected and enriched by vacuum concentration (RE52-98, purchased from Shanghai Yarong of China) at 40
• C, precipitated with 95% ethanol (1:4, v/v) at 4
• C for 12 h. The precipitate was collected by centrifugation (TGL-16G, purchased from Shanghai Anting of China) at 4500 rpm, 10 min, and dried in vacuum to obtain the crude Morchella polysaccharide. The crude Morchella polysaccharide was dissolved in distilled water again, followed removal of the protein by the Sevag method [17] and exhaustively dialyzed against water, then dried in vacuum. The brownish crude product was loaded onto a column (2.6 × 30 cm) of DEAE-Cellulose A52 and irrigated successively with distilled water, 0.1 mol/L NaOH solution and 0.2 mol/L NaOH solution stage gradient elution separately; it would obtain three kinds of elution products, MEP-1, MEP-2, and MEP-3. MEP-1, the largest water-eluted fraction, after concentration, was collected and loaded onto a gel filtration column (1.6 × 100 cm) of Sephadex G-100 and eluted with 0.05 M NaCl at a flow rate of 0.4 mL/min. The eluate was concentrated and lyophilized (FD-1, purchased from Beijing Boyikang of China) to get a pure Morchella polysaccharide.
Characterization of Polysaccharide Fraction
The polysaccharide of MEP-1
The physicochemical properties of MEP-1 were mainly through the following methods: Fehling reagent, [18] DNS colorimetric method, [19] Sulfuric acid-carbazole reaction, [20, 21] Biuret reaction, [22] Iodine-potassium iodide reaction, [23−25] and Ferric chloride reaction. [26] MEP-1 was dissolved in distilled water (0.001 g/mL), and was loaded into the length of 10 cm polarimeter tube, then was detected specific rotation at 20
• C by the WZZ-2S digital automatic polarimeter.
Identification of MEP-1
MEP-1 was dissolved and diluted to 1 mg/mL, and then the solution was scanned from 190 to 400 nm with UV-2450FW ultraviolet scanner (Shimadzu Corporation). Paper chromatography (PC) and high performance liquid chromatography (HPLC) were used for identification. PC was performed on Xinhua No. 1 paper in the following solvent system: 5:5:1:3 EtOAc-Pyridine-HOAc-H 2 O, the sugars were identified by spraying with phthalic acid reagent (1.0 mL of aniline and 1.66 g of phthalic acid were dissolved in 100 mL of water-saturated n-butanol) and heating at 100
• C for about 15 min. Infrared radiation (IR) spectra were recorded using the KBr-disk method with a Perkin Elmer one infrared Fourier transform infrared spectroscopy (FTIR) spectrometer in the range 400-4000 cm −1 . The average molecular weight of MEP-1 was determined by HPGFC using a gel filtration column (1.6 × 100 cm) of Sephadex G-100 eluted with double distilled water at a flow rate of 0.4 mL/min. The molecular weight was determined by comparison with retention times of Glucan standard (Dextran series, 10, 40, 50, 70, and 100 KDal).
Statistical Analysis
The polysaccharide was determined by sulfuric acid-anthrone method in the extraction and purification process. [27] Statistical analysis of the data was subjected to a one way analysis of variance and the significant difference was determined by the least significance difference test (P < 0.05). All analyses were done in triplicate and data was expressed as means ± SD.
RESULTS AND DISCUSSION
Extraction and Purification of Polysaccharide
Neutral crude polysaccharide was obtained from fruit body of M. esculenta and the yield was about 4.96% by optimization of extraction process. The crude polysaccharide, after removal protein and dialysis against water, was carried on the DEAE-52 cellulose ionic exchange column chromatographic analysis after dissolved used distilled water. Using the distilled water, 0.1 mol/L NaOH solution and 0.2 mol/L NaOH solution stage gradient elution separately, we obtained three kinds of elution products: MEP-1 collected of 300 to 500 mL, MEP-2 collected of 1000 to 1200 mL, and MEP-3 collected of 1800 to 1900 mL (Fig. 1) . Their yield rates were 12.40, 3.10, and 5.94%, respectively. The content of MEP-2 and MEP-3 were relatively small, so didn't do research at temporary. The following research to MEP-1 as the object of study.
Then MEP-1 after double steams the water dissolution was carried on a glucosan gelatin SephadexG-100 molecular sieve column chromatographic analysis (16 × 1000 mm), on the quantity 20 mg, with double steams the water elution, the speed of flow was 0.4 mL/min, each tube collected 2 mL (collecting 35-48 eluents), dried and concentrated, the M. esculenta polysaccharide MEP-1 purely can be obtained (Fig. 2) . And its yield rate was 1.58%. negative, indicating that MEP-1 did not contain sugar, uronic acid, protein, polyphenol (Table 1) . Mean molecule quality was 43.625 KD by HPGFC.
Characterization of Polysaccharide Fraction
As shown in Fig. 3 , MEP-1 had a maximum absorption peak only in the 199 nm; there was no characteristic absorption peak at 260 and 280 nm by ultraviolet scanning at 190-400 nm, indicating the absence of protein and nucleic acid. In addition, the single symmetry absorption peak of MEP-1 by HPLC indicated that it was a single component.
The FT-IR spectrum of MEP-1 was shown in Fig. 4 . The band in the region of 3392 cm −1 was due to the hydroxyl stretching vibration of polysaccharide. The bands in the region of 2930 cm −1 was due to C-H stretching vibration and the bands in the region of 1670 cm −1 was due to C=O stretching vibration. [28] Absorptions at 924.71 and 808.87 cm −1 were typical peak of D-glucose in pyranose form and mannose, respectively. MEP-1 exhibited the absorption at 878 cm −1 , suggesting a D-galactose configuration. The absorptions at 1148 and 1027 cm −1 indicated a pyranose form of sugars. According to the color and the monosaccharide Rf value, [29] it indicated that MEP-1 did not contain glucuronic acid, might contain mannose, galactose, arabinose, and glucose by PC. preliminary demonstrated that MEP-1 contained glucose, mannose, galactose, and arabinoser. The polysaccharide was a heteropolysaccharide connected with β type of glycosidic bond and the mean molecule quality was 43.625 kDa.
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